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A 0.8 hub/tip ratio, single-stage, axial-flow compressor, having tandem-
airfoil blading, was designed and tested to establish performance data for com-
parison with the performance of conventional single-airfoil blading. Design
velocity diagrams and blade leading and trailing edge metal angles selected for
the conventional rotor and stator blading were used in the design of the tandem
blading. The stage was designed with zero rotor prewhirl, constant rotor exit
total pressure across the span, and axial discharge flow. Circular-arc airfoil
sections were used for both the conventional rotor and stator blading and the
front and rear airfoils of the tandem blading. The specific flow and rotor inlet
Mach number were generally consistent with design practice for compressor
middle stages; however, the blade loadings were appreciably higher.
At design equivalent rotor speed and flow, the tandem rotor achieved an adi-
abatic efficiency of 92% at a pressure ratio of 1.31 compared with respective de-
sign values of 90. 8% and 1.32. At the same flow and rotor speed the tandem stage
achieved an adiabatic efficiency of 86% at a pressure ratio of 1. 29 compared with
design values of 85.4% and 1.30. The peak efficiencies for both the rotor and
stage were reached at approximately design equivalent flow.
INTRODUCTION
Advanced aircraft turbine engine propulsion systems will require light-
weight, highly loaded axial flow compressors capable of achieving high efficiency
over a wide range of operating conditions. Axial flow blower experience has in-
dicated that tandem blading can be successfully employed to extend the efficient
operating range of compressors. In 1955, H. E. Sheets (Reference 1) reported
excellent efficiencies for a highly loaded axial flow blower comprised of a tandem-
blade rotor. Favorable results were also reported by H. Linnemann (Refer-
ence 2) based on a series of axial flow blower tests involving both tandem-blade
rotors and stators. The results for the tandem blading indicated a better effi-
ciency at a higher pressure ratio than that achieved with equivalent conventional
blading.
In principle, tandem blading offers improved performance over conventional
blading by distributing the overall blade row aerodynamic loading between the
airfoils in tandem. The front airfoil may also provide control of the inlet air
angle to the rear airfoil at off-design conditions, which should reduce the overall
total pressure loss and possibly delay wall stall.
The first objective of this program is to investigate the potential of tandem
blading for extending the loading limit and stable operating range of a stage rep-
resentative of a middle stage of an advanced high pressure compressor. The
second objective is to determine the effect, if any, of loading split on the per-
formance of tandem blading. A conventional rotor and stator, two dual-airfoil
tandem rotors with differing loading splits, and a dual-airfoil tandem stator were
designed and tested. This report presents the data and performance obtained with
Stage C, which was comprised of tandem Rotor C and tandem Stator B. Rotor C
was designed to have an equal loading split between the two airfoils in tandem and
Stator B was designed with decreased loading on the front airfoil and increased
loading on the rear airfoil. A discussion of the aerodynamic and mechanical de-
sign of the conventional single airfoil stage and the tandem airfoil configurations
is presented in Reference 3. The overall and blade element performances for
the conventional, single airfoil blading are given in Reference 4.
DESIGN SUMMARY
Blading Design
Stage C was designed with zero rotor prewhirl, constant rotor exit total
pressure across the span, axial discharge flow, and high blade loading. A rotor
tip inlet Mach number of approximately 0. 8 and a specific flow of 33 Ib/sec-;ft2
were selected to be generally representative of current design practice for com-
pressor middle stages. i
To ensure a valid comparison between the conventional baseline Stage A
and the tandem-blade stages, the design velocity diagrams selected for the con-
ventional rotor and stator blading were used in the design of the tandem blading.
The design velocity diagrams were calculated by means of a computer program
that solves the continuity, energy, and radial equilibrium equations for an axi-
symmetric flow field. Radial gradients of enthalpy and entropy were included
in the calculation, and the influence of wall and streamline curvature on the radial
distribution of static pressure were taken into account.
Circular-arc airfoil sections were selected for the rotor and stator blading
to be consistent with studies being conducted by NASA-Lewis Research Center
(Reference 5). To ensure interchangeability with Stage A, radial distributions
of overall axial chord for the tandem blading were maintained equal to the dis-
tributions selected for the Stage A blading. To minimize the number of variables
to be investigated in the selection of Stage C metal geometry, the individual air-
foil maximum thickness-to-chord ratio for each of the tandem-blade airfoils
were maintained equal to the corresponding values selected for the Stage A blad-
ing. The individual airfoil chords for the tandem blades were arbitrarily set
equal. The rotor camber angles were selected to provide approximately an
equal distribution of lift between the front and rear airfoils. The stator camber
angles were selected to provide a maximum differential in lift between the front
and rear airfoils without exceeding a maximum suction surface-to-exit velocity
ratio of 1. 8 on the rear airfoil. The individual airfoils for both the rotor and
stator were positioned so that:
1. The leading edge metal angle of the front airfoil and the trailing
edge metal angle for the rear airfoil were equal to the leading
and trailing edge metal angles, respectively, selected for
. Stage A.
2. There was zero axial overlap of the front and rear airfoils.
3. The passage width between the airfoils was approximately 10%
of the front airfoil chord.
4. The passage between the airfoils would be slightly convergent
(inlet-to-exit area ratio slightly greater than one).
Details of the Stage C blading aerodynamic and mechanical design are pre-
sented in Reference 3. The overall and blade element performance for the con-
ventional single airfoil blading are given in Reference 4.
Design velocity diagram data, blade element geometry data, and design
performance are presented in table I and table n for the rotor and stator, re-
spectively. Symbols and performance variables are defined in Appendix C.
TEST EQUIPMENT
Compressor Test Facility
A schematic of the compressor test facility is shown in figure 1. The com-
pressor is driven by a single-stage turbine, powered by exhaust gases from a
J75 slave engine, with compressor speed controlled by means of the engine
throttle. Air enters the compressor through a 103-foot combined inlet duct,
plenum, and bellmouth inlet, and is exhausted through an exit diffuser to the at-
mosphere. The inlet duct contains a flow measuring orifice designed and in-
stalled in accordance with ASME standards. The area contraction ratio from
plenum to compressor inlet is approximately 10 to 1.
Compressor Test Rig
A schematic of the compressor test rig is shown in figure 2. The flowpath
dimensions are shown in figure 3. The hub/tip ratio at the rotor inlet is 0. 798.
The test section has a constant hub diameter of 32. 85 inches, and the outer wall
converges from a diameter of 41.15 inches at the rotor leading edge to 39.99 inches
at the stator trailing edge. Rotor bearing loads are transmitted to the rig support
through struts located in the inlet and exhaust case assemblies. The inlet struts
are sufficiently far upstream so their wakes are dissipated ahead of the rotor. The
stage design specifications of zero rotor prewhirl and axial discharge flow elimi-
nated the need for inlet and exit guide vanes. Flowrate and/or backpressure was
varied with a set of motor-driven throttle vanes located in the exhaust case.
Instrumentation
Instrumentation was provided to obtain overall and blade element perform-
ance data for each blade or vane row. The locations of axial instrumentation
stations are indicated in figure 3. Axial and circumferential locations of the in-
strumentation are shown in figure 4. Dual instrumentation was provided at each
axial station, except the rotor inlet, to provide a redundant set of measurements.
Airflow was measured with an ASME standard thin-plate orifice located in
the compressor facility inlet duct. Compressor rotor speed was measured with
an electromagnetic sensor mounted adjacent to a 60-tooth gear on the rotor shaft.
Gear tooth passing frequency was displayed as rpm on a digital counter. Rotor
rpm was also recorded on magnetic tape. Met total temperature was measured
in the inlet plenum by means of six half-shielded total temperature probes; inlet
total pressure was measured in the plenum by means of five Kiel-type total pres-
sure probes. Six equally spaced static pressure taps were located on both the
inner and outer walls at instrumentation Station 0.
Radial distributions of static pressure at the rotor inlet and exit and at the
stator exit were measured by means of 8-degree wedge probes (figure 5). Four
inner wall and four outer wall static pressure taps, approximately equally spaced,
were located at each of these stations. The rotor exit (i.e., stator inlet) and
stator exit instrumentation stations also had four inner and four outer wall taps







Equivalent Rotor Speed = 4210 rpm












































































































































Rotor Pressure Ratio: 1.3188

















































































































Airfoils: Circular Arc No. of Blades: 70 Chord Lengths: 1.37 inches











































































































































Equivalent Rotor Speed = 4210 rpm Equivalent Weight Flow =
Percent Span From Tip
Leading Trailing Vlc Vzle V91e ^le Vte Vzte
Edge Edge (ft/sec) (ft/sec) (ft/sec) (deg) (ft/sec) (ft/sec)
95.0 95.0 667.2 471.9 471.7 44.99 480.0 480.0
90.0 90.1 663.0 475.4 462.2 44.20 481.9 481.9
85.0 85.2 658.9 478.2 453.3 43.47 483.6 483.6
70.0 70.1 648.6 485.1 430.5 41.58 488.8 488.8
50.0 50.0 638.6 489.2 410.5 40.00 494.4 494.4
30.0 29.8 628.6 483.9 401.1 39.66 494.7 494.6
15.0 14.8 619.8 474.1 399.2 40.09 492.2 492.0
10.0 9.9 617.4 470.1 400.2 40.40 491.4 491.2
5.0 4.9 615.6 465.8 402.5 40.84 491.2 491.0
Design Performance Data
Stage Pressure Ratio: 1,
Percent Span From Tip


































































Adiabatic Efficiency: 85. 4%






























Airfoils: Circular Arc No. of Vanes : 66 Chord Lengths: 1.30 inches
































































































































installed across a vane gap to measure the static pressure variation across the
gap. Ten static pressure taps were located over the rotor blade tips on the
outer wall, between -10% and 101% tandem rotor axial chord, to measure the
rotor tip static pressures. Midspan stator surface static pressure distributions
were measured with eight pressure taps located from approximately 15% to 85%
chord on each surface of the front and rear airfoils. The eight pressure taps
on each surface were installed on the same airfoil and a different stator vane was
used for each group of eight pressure taps (i. e., a total of four stators). The four
stators were positioned in the stator assembly such that at least one uninstru-
mented vane separated those with static taps. The circumferential location of each
instrumented airfoil and the location of the pressure taps in terms of percent over-
all chord are shown in figure 6.
Twenty-degree wedge probes were used to measure the radial distributions
of total pressure and flow angle at the rotor inlet and exit, and flow angle at the
stator exit (figure 7). Stator exit total pressure and temperature across a stator
gap were measured at each of two circumferential locations by means of circum-
ferentially traversed radial rakes with elements at nine radial locations (figure 8).
The elements of each radial rake were designed to measure both total pressure
and temperature. A fixed radial rake with five Kiel-type total pressure sensors
was also installed downstream of the stator for use with the wall static pressure
measurements to calculate the freestream Mach number. This Mach number was
used to correct the total temperature and the 8-degree wedge static pressure
measurements.
(Steady-state pressure data were measured with a multichannel pressure
transducer scanning system that includes automatic data recording on computer
cards. Steady-state temperature measurements were also automatically re-
corded on computer cards by a multichannel scanning system in conjunction with
a temperature reference oven and a digital voltmeter. Traverse pressure and
temperature data and transient pressure data were recorded on magnetic tape
at up to 600 samples per minute per channel.
Two static pressure taps located in the plenum, two of the outer wall
static pressure taps at Station 0, and a total pressure probe with sensors at
10, 50, and 90% spans at the rotor exit were close-coupled to transducers for
transient recording during operation into and out of stall. High-response pres-
sure transducers mounted as total pressure probes at 10, 50, and 90% span from
the tip behind the rotor (figure 9) were used to measure high-frequency total
pressure oscillations and to indicate the initiation of rotating stall. The high-
response transducer output was recorded on magnetic tape and correlated in time
with the transient recording of the Station 0 static pressures and the stage exit
total pressures.
Five rotor blades were instrumented with strain gages to provide vibratory
stress data. The gage outputs were displayed on oscilloscopes and visually moni-
tored during tests. Gage locations were determined by bench vibration tests with




A shakedown test was conducted to check out the rig and blade vibration
levels, blade stress levels, instrumentation, and data reduction programs.
Overall and blade element performance data were obtained for three operating
points at 100% design equivalent rotor speed.
Performance Tests
Overall and blade element performance data and stall transient data were
obtained at 50, 70, 90, 100, and 110% of design equivalent rotor speed. Six
data points were recorded at each speed to define stage performance between
maximum obtainable flow and near stall. At each test point, traverse surveys
were followed by the recording of fixed pressure and temperature instrumentation
data with the traverse probes withdrawn. Blade stresses were monitored
during steady-state and stall transient operation at all rotor speeds.
Transient measurements of bellmouth static pressure, rotor speed, and
rotor exit total pressure were recorded ten times per second to define stall
characteristics as the stage was operated into and out of stall. The output
from a high response total pressure probe (10, 50, and 90 percent spans) at
the rotor exit was also recorded as the stage was operated into and out of stall
and correlated in time with the other transient measurements.
Data Reduction Procedures
Data reduction was accomplished in two steps. The first step involved
the use of two computer programs to (1) convert millivolt readings to appropriate
engineering units, and (2) provide a tabulated and plotted array of pressures,
temperature, and air angle data at each station. Conversion of data to absolute
values, appropriate Mach number corrections, and adjustment of pressures
and temperature to equivalent NASA standard day conditions were performed
in the second computer program.
The second step in the data reduction procedure involved a computer
program to calculate overall and blade element performance variables for the
rotor and stator. The array of data provided in step one above was analyzed
for the selection of radial distributions of pressures, temperature, and air
angle at each axial station for input into the computer program.
Overall Performance
Total pressure ratios and adiabatic efficiencies were calculated for the
rotor and the rotor-stator (stage). The rotor and stator exit total pressures
and total temperatures were weighted according to local mass flow to obtain
average values. The mass-averaged stator exit total temperatures were used
for both the rotor and stage efficiency calculations.
The stator wake total pressures and total temperatures at each radial
measuring station were mass averaged using the local total pressure in the
wake, the local total temperature in the wake, and the 8-degree wedge probe
static pressure. Mach number was determined from the local total and static
pressure measurements. The local mass flow was then obtained from the
relationship 1+7
W/T~
m = = ; *. M
2(1-7)
PA~ ~
where A is the flow area associated with each radial measurement increment.
Blade Element Performance
Performance and velocity diagram calculations were performed for each
blade row along design streamlines that pass through 5, 10, 15, 30, 50, 70, 85,
90, and 95% span at instrumentation Station 2. The calculations were performed
at the instrumentation stations and at the rotor and stator leading and trailing
edges. The pressures, temperatures, and air angles at the blade row leading
and trailing edges were obtained by translating the measured values from the
instrumentation stations, assuming conservation of angular momentum, con-
servation of energy, continuity, and that the actual streamlines do not deviate
substantially from design streamlines for any test point. A description of the
translation method is presented in Reference 4.
Stall Transient Data
Bellmouth static pressure at incipient stall was determined from plots
similar to the one shown in figure 10, and the corresponding weight flow was
determined from the correlation of bellmouth static pressure and orifice weight
flow shown in figure 11. The steady-state pressure ratio data were extrapolated
to the stall flow using the shape of the transient data curve as a guide line.
Incipient stall points were determined in this manner for each rotor speed.
PRESENTATION OF DATA
Overall Performance
Overall performance data are presented in terms of pressure ratio and
adiabatic efficiency as functions of equivalent weight flow (wJe/&) and equivalent
rotor speed (N/^/§) for the rotor in figure 12 and the rotor-stator (stage) in
figure 13. The design pressure ratio and efficiency for the rotor were 1.32
and 90.8%, respectively, at a design flow of 110.0 Ib/sec. The corresponding
design values for the stage were 1.30 and 85.4%. The design point is shown
on each figure for comparison with the performance results. The solid symbol
on the stall line in figures 12 and 13 is the stall point determined from the
transient data. Pressure ratio, adiabatic efficiency, and polytropic efficiency
for the rotor and stage are also tabulated for the steady-state data points in
table A-l of Appendix A.
Based on a curve faired through the data points, the rotor achieved an
adiabatic efficiency of 92% and a total pressure ratio of 1.31 at design equivalent
rotor speed and flow. At the same flow and rotor speed the stage achieved an
adiabatic efficiency of 86% and a total pressure ratio of 1.29. The peak effi-
ciency for both the rotor and stage were reached at approximately design
equivalent flow.
Blade Element Performance
As discussed on page 9, the blade element performance and velocity
diagram calculations were performed at the instrumentation stations and at the
rotor and stator leading and trailing edges. Results of these calculations are
tabulated in tables A-2 and A-3 of Appendix A for each of the nine design stream-
line locations. Table A-2 is presented to illustrate the small differences at the
near-design point between values calculated from the data at the instrumentation
stations and the values calculated from the data that have been translated to
the rotor and stator leading and trailing edges. Due to the small differences
between translated and untranslated values, only the translated values are
given in table A-3 for the remaining compressor test points. The plotted re-
sults discussed for the rotor and stator in the following paragraphs are based
on the translated data.
Rotor
Rotor diffusion factor, deviation angle, and loss coefficient are shown as
functions of incidence angle in figures 14a through 14i. At the design incidence
angle and rotor speed, total pressure losses and deviation angles are less than
or equal to the design values from 15% to 70% span from the tip and greater than
the design values at 5, 10, and 85 to 95% span. The diffusion factor at design
incidence angle and rotor speed is appreciably less than the design value at 5%
span from the tip and approximately equal to the design value for all other span-
wise positions.
Loss parameter vs diffusion factor is presented in figures 15a through 15c
for 10, 50, and 90% span, respectively. The design curve representing a corre-
lation of the minimum loss data from References 6 through 12 is shown in each
figure. The design point is also included in these figures for comparison with
the performance data. Although the data from References 6 through 12 are for
Series 65 blade sections, the data presented in Reference 13 indicates that a
single correlation of loss parameter vs diffusion factor can be used for Series 65
and double circular-arc blade sections. The range of data in the Reference 13
correlation and the two-dimensional cascade data from figure 149 of Reference 13
are also shown in figures 15a through 15c for comparison with the selected design
loss curves. At design equivalent rotor speed, the loss parameter values that
correspond to the minimum loss coefficient at 10% and 90% span (figures 14b
and 14h, respectively) are above the design curve, with the larger difference
occurring at the hub. For similar conditions at 50% span, the loss parameter
value is slightly below the design curve.
Axial gradients of rotor tip static pressure ratio [PL/(P at'.- 10% axial chord)]
are shown in figures 16a through 16f. In the order of decreasing flowrate at de-
sign equivalent rotor speed, these figures indicate that the rotor tip loading shifted




Stator diffusion factor, deviation angle, and loss coefficient are presented
as functions of incidence angle in figures 17a through 17i. At design incidence
angle, stator losses at 5, 10, and 85 to 95% span from the tip are greater than
the design values, while from 15% to 70% span from the tip the stator losses are
less than the design values. Deviation angles, at design incidence angle, are
greater than design values across the entire span of the vane; and, with the ex-
ception of 70% span where the diffusion factor is approximately equal to the design
value, the diffusion factors are less than predicted.
Loss parameter vs diffusion factor is shown in figures 18a through 18c
for 10, 50, and 90% span, respectively. The design curve representing a corre-
lation of the minimum loss data from Reference 6 through 12 is shown on each
figure. The design point, the range of stator data from Reference 13, and the
two-dimensional cascade data from Reference 13 are included in the figures for
comparison with the Stator B performance data. At design equivalent rotor
speed, the loss parameter value corresponding to the minimum loss coefficient
at 10% span from the tip is approximately on the design curve; at 50% span, the
loss parameter value is lower than the design curve; and at 90% span, the loss
parameter value is above the design curve.
The midspan stator static pressure coefficient distributions, at design
equivalent rotor speed, are shown in figures 19a through 19f. Static pressure
coefficient distributions for all data points are tabulated in Appendix B. The
rear airfoil loading, represented by the area between the suction surface and the
pressure surface static pressure coefficients, decreased, while the front airfoil
loading increased, as the compressor was throttled toward stall flow. The ability
of the tandem-airfoil configuration to control the stator rear-airfoil incidence is
suggested by the variations in the shape of the static pressure coefficient distri-
bution for each airfoil. Operating between the maximum and minimum flowrates
at design equivalent rotor speed, the stator front-airfoil experienced large varia-
tions in the shape of its static pressure coefficient distribution, while the shape
of the corresponding distribution for the rear airfoil remained nearly constant.
The wall static pressure data, shown for design equivalent rotor speed in
figures 20a through 20f, were examined to determine if circumferential gradients
with respect to the stator vanes were significant. In general, the variations of
static pressure at different circumferential locations (solid symbols in figure 20),
but at approximately the same location relative to the stator vane, are as large
as any variations that may be noted within one stator vane pitch. It was, therefore,
concluded that no significant pitch-wise variation was present in these data.
SUMMARY REMARKS
Stage C was designed and tested to establish performance data for compari-
son with the results of previous tests of highly loaded, single-airfoil blading with
identical design velocity diagrams. Based on a curve faired through the data
points, the rotor achieved an adiabatic efficiency of 92% and a total pressure ratio
of 1.31 at design equivalent rotor speed and flow. At the same flow and rotor
speed, the stage achieved an adiabatic efficiency of 86% and a total pressure ratio
of 1. 29. The peak efficiencies for both the rotor and stage were reached at
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1 2 2A 3




O OD Wall Static Pressure
0 ID Wall Static Pressure
A 20 deg Wedge Traverse Probe
A 8 deg Wedge Traverse Probe
O Total Pressure Probe (10, 50 and 90 % Spans)
High-Response Probe (10, 50 and 90 % Spans)
Total Temperature/Pressure Probe, Circumferential
Traverse (5, 10, 15, 30, 50, 70, 85, 90 and 95 % Spans)
• Total Pressure Probe (10, 30, 50, 70 and 90 % Spans)
0 Rotor Tip Static Pressure ( -10, 5.8, 19.2, 27.5, 35.8, 44.2,
52.5, 65.8, 79.2, 90.3 and 100.8 % Axial Chord)
(Equally Spaced 3 deg Circumferentially)
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Stator Geometry Is Not to Scale
Percent Overall Chord Location








































Note: Numbers in Parenthesis Indicate the Circumferential Position of the
Instrumentated Airfoil in the Stator Assembly. Zero Degrees Is Top Center;
the Angle Increases Clockwise Looking Aft.
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Figure 10. Typical Stall Transient Data FD 34394B
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Figure 12. Overall Performance of Tandem Rotor C DF 91031
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Figure 13. Overall Performance of Tandem Stage C DF 91032
24
Figure 14a. Tandem Rotor C Blade Element
Performance, 5% Span from Tip
DF 91033
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Figure 14b. Tandem Rotor C Blade Element
Performance, 10% Span from Tip
DF 91034
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Figure 14c. Tandem Rotor C Blade Element
Performance, 15% Span from Tip
DF 91035
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Figure 14d. Tandem Rotor C Blade Element
Performance, 30% Span from Tip
DF 91036
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Figure 14f. Tandem Rotor C Blade Element
Performance, 70% Span from Tip
DF 91038
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Figure 14g. Tandem Rotor C Blade Element
Performance, 85%,Span from TLp
DF 91039
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Figure 14h. Tandem Rotor C Blade Element
Performance, 90% Span from Tip
DF 91040
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I Percent of Design Equivalent
Rotor Speed
Figure 14i. Tandem Rotor C Blade Element
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Figure 16a. Rotor Tip Static Pressure Ratio at
Design Equivalent Rotor Speed,
















Rotor Geometry Is Not to Scale
-10 0 10 20 30 40 50 60 70 80 90 100
- PERCENT OVERALL AXIAL CHORD
Figure 16b. Rotor Tip Static Pressure Ratio at
Design Equivalent Rotor Speed,
Equivalent Weight Flow = 114.12 Ib/sec
DF 91046
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Rotor Geometry Is Not to Scale
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Figure 16c. Rotor Tip Static Pressure Ratio at
Design Equivalent Rotor Speed,
















Rotor Geometry Is Not to Scale
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Figure 16d. Rotor Tip Static Pressure Ratio at
Design Equivalent Rotor Speed, Equiva-
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Figure 16e. Rotor Tip Static Pressure Ratio at Design
Equivalent Rotor Speed, Equivalent





















Rotor Geometry Is Not to Scale
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Figure 16f. Rotor Tip Static Pressure Ratio at Design
Equivalent Rotor Speed, Equivalent Weight
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Figure 17a. Tandem Stator B Blade Element
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Figure 17b. Tandem Stator B Blade Element













Figure 17c. Tandem Stator B Blade Element
Performance, 15% Span from Tip
DF 91053
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Figure 17d. Tandem Stator B Blade Element
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Figure 17f. Tandem Stator B Blade Element
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Figure I7g. Tandem Stator B Blade Element
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Figure 17h. Tandem Stator B Blade Element
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Figure 19a. Tandem Stator B Midspan Static
Pressure Coefficient at Design
Equivalent Rotor Speed, Equivalent
Weight Flow = 120.83 Ib/sec
DF 91063
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Figure 19b. Tandem Stator B Midspan Static
Pressure Coefficient at Design
Equivalent Rotor Speed, Equivalent
Weight Flow = 114.12 Ib/sec
DF 91064
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Figure 19c. Tandem Stator B Midspan Static
Pressure Coefficient at Design
Equivalent Rotor Speed, Equivalent
Weight Flow = 108.33 Ib/sec
DF 91065
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Figure 19d. Tandem Stator B Midspan Static
Pressure Coefficient at Design
Equivalent Rotor Speed, Equivalent
Weight Flow = 102.98 Ib/sec
DF 91066
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Figure 19e. Tandem Stator B Midspan Static
Pressure Coefficient at Design
Equivalent Rotor Speed, Equivalent
Weight Flow = 98. 54 Ib/sec
DF 91067
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Figure 19f. Tandem Stator B Midspan Static
Pressure Coefficient at Design
Equivalent Rotor Speed, Equivalent
Weight Flow = 94. 51 Ib/sec
DF 91068
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Figure 20a. Wall Static Pressure Distributions .
Upstream and Downstream of Stator B
at Design Equivalent Rotor Speed,
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Figure 20b. Wall Static Pressure Distributions
Upstream and Downstream of Stator B
at Design Equivalent Rotor Speed,
Equivalent Weight Flow = 114.12 Ib/sec
DF 91070
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Figure 20c. Wall Static Pressure Distributions
Upstream and Downstream of Stator B
at Design Equivalent Rotor Speed,
Equivalent Weight Flow = 108. 33 Ib/sec
DF 91071
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Figure 20d. Wall Static Pressure Distributions
Upstream and Downstream of
Stator B at Design Equivalent
Rotor Speed, Equivalent Weight
Flow = 102. 98 Ib/sec
DF 91072
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Figure 20e. Wall Static Pressure Distributions DF 91073
Upstream and Downstream of
Stator B at Design Equivalent Rotor
Speed, Equivalent Weight Flow = 98. 54 Ib/sec
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Figure 20f. Wall Static Pressure Distributions DF 91074
Upstream and Downstream of
Stator B at Design Equivalent Rotor
Speed, Equivalent Weight Flow .= 94.51 Ib/sec
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APPENDIX A
TABULATED OVERALL AND BLADE ELEMENT PERFORMANCE DATA
Rotor C and Stage C overall performance is tabulated in table A-l.
Rotor C and Stator B blade element performance calculated from data at the
instrumentation stations and from data that have been translated to the rotor
and stator leading and trailing edges is tabulated in table A-2 for the near-design
flowrate of 108.33 Ib/sec. Due to the small differences between translated and
untranslated values in table A-2, only the translated data is tabulated in table A-3
for the remaining compressor test points.
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NOMENCLATURE USED FOR BLADE ELEMENT DATA TABULATION






















Loss Coefficient Based on P2FS (uJfs)
Stator Exit Average Freestream Total Pressure
From Wake Rakes


























Note: Where applicable the appropriate instrumentation station is noted.
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Table A-2. Blade Element Performance
PERCENT EQUIVALENT ROTOR SPEED
Stage C Rotor C - SUtor B
CALCUIATIOHS USING UNTRANSLATED VALUES

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-2. Blade Element Performance (Concluded)
PERCENT EQUIVALENT ROTOR SPEED =
SU{e C Rotor C - Stater B
CALCULATIONS USING TRANSLATED VALUES
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Table A-3. Blade Element Performance
PERCENT EQUIVALENT ROTOR SPEED
Stage C Rotor C - Staler B
CALCULATIONS USING TRANSLATED VALUES














































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED -
Stage C Rotor C -'Stator B
CALCULATIONS USING TRANSLATED VALUES
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Table A-3. Blade Element Performance (Continued)
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES














































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES












































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
Stage C Rotor C - Staler B
CALCULATIONS USING TRANSLATED VALUES
































B E T A ( P H ) 1











































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES











































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT PCICR SPEED =
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES














































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATEC VALUES












































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTCR SPEED =
Stage G Rotor C - Stitor B
CALCULATIONS USING TRANSLATED VALUES
99.48 EQUIVALENT ROTCK SPEED - 4188.04 EQUIVALENT W E I G H T F L O W = 102.98
INLET
ROTOR C



































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED
Stage C Rotor C - Staler B
CALCUUTICNS USING TRANSLATED VALUES










































































































































































































































































































































































































































































































































































































































































































































































































































































































































Pratt & Whitney Oircraft Pratt & Whitney fiircraft
PWA FR-5028
Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEtD
SUge C Bator C - SUtor B
CALCULATIONS USING TRANSLATED VALUES











































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade-Element Performance (Continued)
PERCENT EQUIVALENT ROTCR SPEED »
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES












































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED
SUg* C Rotor C - Stater B
CALCULATIONS USIMC TRANSLATED VALUES














































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUFS










































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTCP SPFFO =
Sta?a C Rotor C - Stator B
CALCULATIONS USING TR4NSHTFH VALUES






































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTCR SPFFH
Stage C Rotor C - SUtor B
CALCULATIONS USINf, TRANSLATED VALUFS
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Table A-3. Blade Element Performance (Continued)
PERCENT FOUIVALENT RPTCR SPEF" •
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES





































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT fCTCR SP£FO
SU<j« C Rotor C - Stator B
CALCULATIONS USING TRANSLATE! VALUES










































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED >
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES








































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
Stage C Rotor C - Stator B
CALCULATIONS USING T R A N S L A T E D VALUES
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Table A-3. Blade Element Performance (Continued)
PERCtNT EQUIVALENT ROTOR SPCED =
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
Stigg C Rotor C - SUtoi E
CALCULATIONS U S I N G T R A N S L A T E D VALUES
P E R C E N T E Q U I V A L E N T R U T L K spEiu = 69.58 E Q U I V A L E N T RCTUK SPEED - 2929.13 BOinVALENT "EIGHT FLOK = 68.37
ROTOK -L.E.
ROTOR -T.E.
S T A I U K - L . t .
S T A T O K - I . E .
PCT SCAN
UIA















































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED >
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES














































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EOOlVALt.MI KU1UK iPEELI =
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES
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Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED -
Sbage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES















































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EOUIVALtNl ROTOR SPttU =
Stage C Rotor C - StAtor B
CALCULATIONS USING TRANSLATED VALUES
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Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES













































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A-3. Blade Element Performance (Continued)
PERCENT EQUIVALENT ROTOR SPEED
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES
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Table A-3. Blade Element Performance (Concluded)
PERCENT EQUIVALENT RCTCR SPEED
Stage C Rotor C - Stator B
CALCULATIONS USING TRANSLATED VALUES















































































































































































































































































































































































































































































































































































































































































































































































































































































































































STATOR B STATIC PRESSURE COEFFICIENTS
surface 2CP" fs(PVV2)2
fs
110% Design Equivalent Rotor Speed























































































































































































*Equivalent Weight Flow (Ib/sec)
101
110% Design Equivalent Rotor Speed






























































*Equivalent Weight Flow (Ib/sec)
102
100% Design Equivalent Rotor Speed





















































































































































































































































*Equivalent Weight Flow (Ib/sec) 103
90% Design Equivalent Rotor Speed
Front Airfoil Suction Surface
Percent
Overall
Chord 6.6 11.9 16.9 21.9 27.0 32.0 37.1 42.1























































Front Airfoil Pressure Surface
Percent
Overall
Chord 7.0 13.0 18.0 23.1 28.1 33.1 38.1 43.1























































Rear Airfoil Suction Surface
Percent
Overall
Chord 56.9 61.9 67.3 72.2 77.8 82.8 88.0 92.9























































Rear Airfoil Pressure Surface
Percent
Overall
Chord 56.0 61.5 66.5 71.7 77.0 82.0 87.5 92.5























































*Equivalent Weight Flow (Ib/sec)
104
70% Design Equivalent Rotor Speed









































































Front Airfoil Pressure Surface













































































































































































*Equivalent Weight Flow (Ib/sec) 105
50% Design Equivalent'Rotor Speed





















































































































































































































































Definitions of Symbols .
/
Flowpath annular area, ft2
aQ inlet relative stagnation velocity of sound, ft/sec
c Chord length, inches
Cp Static pressure coefficient
d Diameter, inches
D Diffusion factor
gc ° Gravitational acceleration,- 32.174 lbm - ft/lbf-sec^
i Incidence angle, degree from axial direction
M Mach number
N Rotor speed, rpm
p Total pressure, psia
PR Rotor tip static pressure ratio (ratio of local static pressure
to static pressure at - 10% axial chord)
p Static pressure, psia
R Gas constant for air, 53.34 ft-lbf/lbm - °R
r Radius, inches
S Blade passage gap (leading edge), inches
t Blade maximum thickness, inches
T Total temperature, °R
Ts Static temperature, °R
U Rotor speed, ft/sec
V Velocity, ft/sec
W Actual flowrate, lbm/sec
/3 Air angle, degree from axial direction
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Definitions of Symbols (Continued)
7 Ratio of specific heats
T° Blade-chord angle, degree from axial direction
8 Eatio of total pressure to NASA standard sea level pressure
of 14.694 psia
5° Deviation angle, degree
1? Efficiency
0 Ratio of total temperature to NASA standard sea level
temperature of 518.7°R
K Blade metal angle, degree from axial direction
x
xp Density, Ibf/sec2/ft4 X
o- Solidity, chord divided by blade spacing (c/S)
</> Blade camber angle, K - K degree
<ji) Loss coefficient
c*J cos/3/20- Loss parameter
Subscripts
0 • Compressor inlet (bellmouth)
1 Rotor inlet







m Mean or mass
le Leading edge
108








' Related to rotor blade
;
Mass average value
* Choke flow condition
s
Definitions of Overall Performance Variables
Pressure ratio:
P P






y - i y - i
.
Rotor: T, = -=± — ± - Stage:
ad T2A/518'7"1
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Definitions of Overall Performance Variables (Concluded)
,Polytropic efficiency:
Rotor:, . 1° (P2A/P2
p
 ln(T2/518.7) p in
Definitions of Blade Element Performance Variables
Incidence angle:
Rotor : im = yS^ - Kle Stator: im =P2 - *l
Diffusion factor:
nRotor: D = 1 -— j-V'l (d1+dg) vf




Rotor: 8° =/3'9 - K Stator: 8° =/3 = K





Definitions of Blade Element Performance Variables (Concluded)
where:
1 1 . II- -1 +




PT is found from p/P' = 1 + ^jp- M1 1 l ~ y
am M' is calculated using trigonometric functions and the measurements of









c = stator exit average freestream total pressure from wake rakes
P2 = stator inlet total pressure from 20-deg wedge probes
Rotor tip static pressure ratio:
PTPR = p @ - 10% axial chord
Stator static pressure coefficient:
_
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